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Abstract 
Carbon sequestration is known to the potential win -win strategy, as it is an option to 
mitigate the climate change as well as the solution to soil degradation probicm by 
decreasing the Cconcentration in atmosphere and increasing the organic carbon in soil 
and which in turn increase soil fertility. This report explains the need of Carbon 
sequestration focusing on semi arid regions. It describes different niut,agi,iiieni 
practices, and cropping pattern which increase the carbon sequestration porennui tn 
soil. These practices are found to be: no tillage, crop residue uppiicahon. oryami 
manure addition, crop rotation, fallowing and stubble grazing etc. 
A simulation study was also conducted for Kothapally uiilugr, undrr rifii'ri.iit 
management practices (referred as 8 scenarios in the report) and best ~ i ~ u ~ ~ u g e ~ n c ~ n t  
practices was idenn3ed. The results were also extrapolatedfor Kolhupally to absesa thr 
effects of managementpractice and cropping pattern. The crop and the duration for 
which model has simulated was Pigeonpea and 30 years respectiueiy. The model used 
was CENTURY model (version 5) initially deueloped by W J Parton et al. (198:) for 
temperate regions. 
The result of simulation study has shown that there is a significant increase 111 SOC 
from initial tofinal SOC under 4 scenarios: no tillage practice, lnu' interisity gruiliny, 
double organic manure addition (including vermicompost) suhshtutiny inorqa~iir 
fertilizer and the fourth scenario include all the improued practices. The century irio<ii,l 
has also simulated the N in soil organic matter. The trend .for N is ai.qir iii 
correspondence with the SOC but not completely. The inter-annual uarlabilihj is 
difficult to explain as data for initialization were notsuflcient. Two landform sysreiizs 
R a t  and BBF landform system were also compared for the ICRISAT campiih 
Simulation result showed that BBF system is more efficient in seque.stering carbon in 
soil than Hats system. From the result it can be predicted that how much carbon would 
be sequestered in 30 years under different agricultural practices, which will help In 
formulation of strategies for thefuhlre. 
Keywords: Soil degradation, Carbon sequestration, simulat~on, CENTL'KY rnr~dcl 
1.1  Clinrate change 
'Tl~ere IS a I I S C  01 28 '%, 111 Llr c o r i c c ~ ~ t r ~ t ~ u ~ ~  uf C J ~ X J I I  ~110,udc \d'O i , ~ I , I I V , : , I ~ ~  I ,  
frum 2 8 j  ppm to about 366 pp111 I I I  1998. i i l l l l i~  tlli I ) V I . N ~  ( I :  I U O  ,L',I,- ,ii ,I 
c o n q u r n c e  of anthropogrn~i. clnlssloils of ;lbuut q o j  glfiattmncs iii ~.l i~lioll  ( I i . 00 
gigntorincs C) Into tlic a t ~ l ~ o s p h r r r  (IPCC, i!1(11i Thir rllrledir i \ . i \  t l l i .  I C \ L I I I  1 1  i t j i i ~  
tuel cunib~tbt~on ~11id ce~i~ci i t  pro(iuction 16- perc<.nI I .ill11 l~t11clL115c < I I , ~ I I A ( ,  8 >,I ( L L I , ~ ,  
60% uf 1111s ~ncrcased ernission IS ahsorhcd h tlic tn.lrlni. J I K I  t t ~ t . i e \ t ~ ~ ~ l  < . , W \ ~ \ ~ C I I !  
(carbiln s ~ n k )  ivhlle the remdinrllg 4u perccnt hd\ rcsullcd 111 t11c obscncci l l i i le.tiL 111 
atmospheric CO. c ~ i n c r n t r a t ~ o ~ ~  ('.40. ~ O ~ J I I  I:ic,ure I prcscnti ti)? il~ltclrllt i . ~ h o h l  
pools and tluxes of lht. glrihnl c ~ r h i i n  hnlnncc. Thts incrr.isi hn. I ~ ~ . 1 ~ 1  t , ,  p11~ I ~ > I I I  I I J I ,  
like gloh.11 \ V ~ ~ I I I I I I ~ ~  ilrld l i~ l l i t te  change. which 15 thc :>lost I I ~ I ~ > ~ , I . I , ~ ~ I I  l l ' l l ( l O i  , i l i t i 1 I :1 111 
t l ~ r  titrnt!-il~iL ccotun .  
Fipre I: Major carbon pools and fluke ofthe glohal  carhon halance  
Many natural processes and anthropogenic activities are responsible for this Increase of 
C02 in atmosphere out of which conversion of land to agricultural uses contributed a 
lot. Worldwide, it is estimated that conversion of land to agricultural uses resulted in 
the loss of 50-100 billion tons of C from soils, over the past 200 years (Lal, 2004). 
Global warming has many adverse impacts but agriculture, being sensitive to climate 
changes, is expected to experience a variety of problems due to the changes in 
environment. It has been estimated that a 2' C increase in mean air temperature could 
decrease rice yield by about 0.75 t ha-1 in the high yield areas and by about 0.06 t ha-, In 
the low yield coastal regions. 
So there is an immediate call for reducing the concentration of GHGs to escape the 
disastrous effect of climate change. In this context most countries are committed to 
reducing their GHG emissions to the atmosphere in an international agreement "Kyoto 
Protocol". For this new strategies and policies within the international framework have 
been developed for the implementation of agriculture and forestry management 
practices that enhance carbon sequestration (CS) both in biomass and soils. These 
activities are included in Articles 3.3 and 3.4 of the Kyoto Protocol (KP) and are known 
as "land use, land-use change and forestry" (LULUCF) (IPCC, zooo). So carbon 
sequestration should be an urgent priority, irrespective of its effect on cllmate change. 
1.2 Soil degradation 
Cultivation of lands decreases organic carbon in soils by 13 to 60 per cent depending on 
soil type and duration of cultivation. This leads to loss of producti~lty and degradation 
of the soil resource, which are essential to feed the burgeoning population of the 
country. On most of the agricultural land, annual crops are grown and hawested each 
year -- thus, there is little C (as biomass) stored above ground. However, soils in 
general, including cropland soils, are huge repositories of organic C. In most 
ecosystems, the amount of C in the top 3 feet soil is greater than that stored in all the 
vegetation, even in forests. Thus, C sequestration in croplands or agricultural land 
means increasing the storage of C in soil. Soils in the semi-arid tropics (SAT) are highly 
prone to degradation; have low stocks of Soil Organic Carbon (SOC); and are 
continuously under pressure to produce more food and feed to fulfill the ever-~ncreasing 
demand for growing human and animal populations. This region occupies an area ot 
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about 11.1 million lan ' and is densely populated with about 850 million people of who 
300 million are considered food insecure. Several recent studies have assessed the 
potential for C sequestration on agricultural soils, primarily in industrialized countries. 
Data from long-term watershed experiments at ICRlSAT are used to val~date the 
hypothesis that improved management of Vertisols through integrated watershed 
management in the SAT not only increases the productivity but also promotes SOC 
sequestration and thereby enhances soil quality. Result showed that in the lmproved 
system, carbon sequestered was 7.4 t C ha -1 more than in the conventional system, 
resulting in a gain of 335 kg C ha -1 y -1 . (Wani et al,2003) 
It has been found that most cropland soils contain much less C than they did in their 
original condition, because frequent and intensive tillage combined w~th low 
productivity and minimal residue yields tended to reduce C inputs to soil and accelerate 
C losses through organic matter decomposition and erosion, reducing soil C stocks (Fig. 
2). (Paustian, 2002) 
,n,.nr,ue I ,cepe 
Read"* ,*moMI Low Produslm(y 
Figure 2 Effects of agricultural practices on the soil carbon balance 
[The thickness of the arrows represents the extent of each process) 
Cropland soil of the managed ecosystem is potentially a sink for C through odupt~on uf 
appropriate land management practices (Singh et al., 2oo5j. 
1.3 Carbon sequestration as a potentialwin-win strategy 
Activities or any action taken to sequester C in biomass and soils, will generally increase 
the organic matter content of soils and improve soil properties such as nutrient uptake, 
and moisture retention which in turn will have a positive impact on environmental, 
agricultural and biodiversity aspects of ecosystems. Therefore carbon sequestration in 
soil organic matter pool is increasingly advocated as a potential win-win strategy for 
reclaiming degraded lands, particularly in semi arid regions of the developing world, 
mitigating global climate change and improving the livelihood of resource poor farmers 
(La1 et al, iggg;FAO, zooi;Lal, 2002) 
CS in soil has really been given attention these days .In one of the international 
conference on "Soil, Water and Environmental Quality - Issues and strategies" held 
during January 28 - February 1, 2005, New Delhi, it was said that " While balanced 
fertilization may meet crop producti~ty and maintain SOM, it is an urgent imperative 
to improve the sequestration of carbon in all the soils by all available means including 
recycling of crop residues, green-maturing, composting, reduced tillage etc. We must 
realize that the grains belong to humans but the residues belong to the soil" 
Carbon sequestration refers to "removal of carbon from the atmosphere and long term 
storage in reservoirs like ocean, forest and soil ".Terrestrial ecosystem with about 2000 
Gt C is major sink for carbon after ocean. Amongst the terrestrial CO, sinks forests and 
agricultural crops rank the foremost. The amount of Carbon that is likely to he 
sequestered in semi arid regions is 0.5-0.3 t C halyr'on cropland through ~mproved 
management practice or change in land use, and 0.05-0.1 t C hti'yrlon grassland and 
pasture (La1 et al, 1999). 
1.4 Soils and carbon sequestration 
Soils are the largest carbon reservoir of the terrestrial carbon cycle. The quantity I J ~  C stl~rcd 
in soils is highly significant; soils contain about three times more C than vegetation and 
twice as much as that which is present in the atmosphere (Batjes and Sombroek, 1997). 
Soils contain much more C (1 500 Pg of C to I m depth and 2 500 Pg of C to 2 m; I Pg = I 
gigatonne) than is contained in vegetation (650 Pg of C) and twice as much C as the 
atmosphere (750 Pg of C) (Figure I). Carbon storage in soils is the balance bctween thc 
input of dead plant material (leaf and root liner) and losses from decomposition and 
mineralization processes (heterotrophic respiration). Under aerobic conditions, most of the 
C entering the soil is labile and therefore respired back to the atmosphere through the 
process known as soil respiration or soil CO2 efflux (the result of root respiration - 
autotrophic respiration -and decomposition of organic matter - heterotrophic respiration) 
Generally, only 1 percent of that entering the soil (55 Pg/year) accumulates in more stable 
fractions (0.4 Pg/year) with long mean residence times. (FAO, 2002) 
Carbon sequestration by agricultural land has generated internat~onal interest because 
of its potential impact on and benefits for agriculture and climate change. Where proper 
soil and residue management techniques are implemented, agriculture can be one of 
many potential solutions to the problem of greenhouse gas emissions. Additionally, 
agriculture conservation practices such as the use of different cropping and plant 
residue management, as well as organic management farming, can enhance soil carbon 
storage. Farmers, as well as the soil and environment, receive benefits from carbon 
sequestration. Agricultural ecosystems represent an estimated n% of the earth's land 
surface and include some of the most productive and carbon-rich soils. As a resuit, the) 
play a significant role in the storage and release of C wthin the terrestrial carbon cycle 
(La1 et al., 1995). 
The rationale behind carbon sequestration, which has been discussed so far, can be 
summarized in the flowchart.Two most important global threat, climate change and 
population explosion, both can be related to one solution -Carbon Sequestration. 
Population explosion 
Climate change 
~ o o d  sGurih 
5 
More cultivation and land cunversion 
One solution U 
"Curhon sequestration" - Soil degradation 
1.5 The n e e d  o f  m o d e l s  t o  simulate changes in soil carbon 
To measure the potential of soil to increase the plant productivity and carbon sequestration, 
soil organic matter (SOM) is known as the key indicator. Measurements of SOM or SOC in 
an ecosystem alone reveal little about how C has changed in the past or \\ill change In the 
future. But to predict the effect of climate and/or land-use change !re need the accurate 
dynamic models. Primarily two processes control soil carbon storage: primdn production 
(input) and decomposition (output). The use of simulation model that Incorporates 
understanding of basic ecosystem processes and which have been validated m o s s  d range 
of climate, soil and management condition provide a means of investigating interaction 
between components of ecosystem (Smith et al, 1997). Well-designed modeling studlei can 
suggest which components and processes are most sensitive to climate and what h n d  of 
management practices may be most successful in ameliorating negative effects due to 
perturbation in the ecosystem. Modeling has been used as an effective methodology for 
analyzing and predicting the effect of land-management practices on the levels of soil C 
(FAO, 2004). 
A number of process-based models have been developed over the last bvo decades to fulfill 
specific research tasks. Each model varies in its suitability for application tu new contehta. 
SOM is very complex, formed of very heterogeneous substances and generall! assocrated 
with minerals present in soils. The mean residence time of C in soils ranges from one or a few 
years (labile fraction) to decades and even to more than I ooo years (stable fraction). The 
mean residence time (MRT as an indicator of turnover of a specific pool) is determined not 
only by the chemical composition of SOM but also by the kind of protection or bond with111 
the soil. The stable carbon fraction is protected either physically or chemically. Physical 
protection consists of the encapsillation of SOM fragments by clay particles and mlcro 
aggregates (Balescent, Chenu and Baladene, 2000). That's why it is known that greater clay 
content in soil tends to increase the SOC in soil. Chem~cal protection refers to spec~fic 
chemical bonds between SOM with other soil constituents, such as colloids or cldys. Different 
factom influence different pools. Given the complexity of the nature of SOM, most models 
describe soil organic carbon (SOC) as divided in multiple parallel compartments uith 
different turnover times. Such compartment models are in principle conceptually simple and 
have been used widely. A good example is the Rothamsted SOC model that has five 
compartments: decomposable plant material, resistant plant material, microbial biomass, 
humus and SOM (Jenkinson and Rayner, 1977; Jenkinson, 1990). 
Another popular model is the CENTURY model (Parton et al., 1987; Parton, Stewardt and 
Cole, 19881, which also has carbon compartments with similar parameters. Although simple 
conceptually, the problem of these models is that they require information on the size and 
turnover rate of each compartment, which is difficult to obtain from field studies. However, 
they have provided useful information on the effect of temperature, moisture and so11 
texture on the turnover of C in soils. FA0 has developed a model as a methodological 
framework for the assessment of carbon stocks and the prediction of CS scenarios that links 
SOC turnover simulation models (particularly CENTURY and Rothamsted) to geographical 
information systems and field measurement procedures (FAO, 1999). However, the real 
potential for terrestrial soil CS cannot be known because of a lack of reliable database and 
fundamental understanding of the SOC dknamics at the molecular, landscape, regional and 
global scales (Metting; Smith and Amthor, 1999). 
Although researches in simulation studies have been initiated a long back but in Ind~an 
context research has recently started. FA0 and ICRISAT are work~ng In this field. The work 
of FAO, aims to identify, develop and promote cultural practices that reduce agricultural 
emissions and sequester carbon while helping to improve the livelihoods of farmers. 
especially in developing countries. CRIDA and ICRISAT have identified some cropplng and 
management system for higher C sequestration in SAT (Semi Arid Tropics) regions. For ex. 
Intercropping system (cotton Pigeon pea) restored more carbon compared to sorghum 
(cereal based cropping system). Moreover legume based intercropping system sequestered 
more amount of carbon. (Annual report, 2003-2004). 
OBJECTIVE 
1) To identify the agricultural management systems, which would help to increase the 
carbon sequestration in soil and increase the productiblty of the soil. 
2) To simulate the carbon sequestration in soil of Kothapallpvillage and ICRISAT campus 
for Pigeon pea crop, under changing cropping pattern and different management 
practices using CENTURY Model. 
- 
LITERATURE REVIEW 
The literature related to carbon sequestration in dry land (Semi-And Land), ~mproved 
agricultural management practices affecting carbon sequestration process, d~fferent 
models used to simulate the carbon sequestration in soil, and siniulating carbon 
sequestration in soil under different scenario of management practices using Centuq 
model ha .  been collected. Literature was collected on broad view basis of rn\ work 
because limited literature is available on simulation of carbon sequestration in indlan 
context. 
3.1 Soil degradation a n d  carbon sequestration in semi a r id  tropics 
Semi arid regions are one of the largest (area wise) categories of d n  lands (F.40, 1993, 
UNEP, 1992) (Table 1) 
Table. I: Dryland categories according t o  FA0 (1993) classification and  
extension (UNEP, 1992) 
-- - 
Classification P/PET (UNEP, Rainfall (mm) Area (%I Area ( B  ha) 
1992) 
Hperarid < 0.05 < 200 7.50 1.00 
Arid 0.05 < P/PET < < 200 (winter) or ~ 4 0 0  12.1 1.62 
0.20 (summer) 
Semi-arid 0.20 < PIPET < zoo - 500 (winter) or 400 17.7 2.37 
0.50 - 600 (summer) 
Dry o 50 < P/PET < 500 - 700 ( m t e r )  or 600 9 90 132 
subhum~d 0 65 - 800 (summer) 
TOTAL 47 2 6 31 
- -  - 
Bha = 109 ha. 
Soil degradation is a global problem but particular concern is dry lands because most of 
the d y  lands are on degraded soils, soils that have lost significant amounts of C. 
Therefore, the potential for sequestering C through the rehabilitation of drylands 1s 
substantial (FAO, aoolh). Dry lands occupy 47.2 percent of the world's land area, or 6 
310 ooo ooo ha across four continents: Africa (2 ooo ooo ooo ha), Asia (2 ooo ooo 
ooo ha), Oceania (680 ooo ooo ha), North America (760 ooo ooo ha), South Amerlca 
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countrlcs ( F ~ p r e  3) Simllnrl!, ~f n? mi l l  refer figurc 4 ac can srr lhc, ,,mount i , l  iO ( '  l n  
soils of d~f fe re~ i t  part\ of the world. By there t u o  f~gurca 11 c,in Ire m.iL oilr iIr.il ~ n n l h ~  ( , I  
the dn. lands contain Ic \s  tharr R-lo Lp!mz SOC .IS iomp.rrcd tn 1 ~ 1 1 ~ 1  .1 e.1. 
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Figure 3 Extent of degradation in different parts of thc world 
Figure 4: Organic carbon content in soils of different parts of the world 
About 2 000 000 000 people live in drj lands (UNEP, 19971, In man) cases in poor 
conditions. The arid zones cover about 15 percent of the land surface. The annual rainfall in 
these areas is up to 200 mm in Minter-rainfall areas and 300 mm in summer rainfall areas. 
Africa and Asia have the largest extension of arid zones, they account for almost four-firths 
of hyper arid and arid zones in the world (Tahlez). 
Table 2. The global dry land areas by continent 
Continent Extension (million ha) percentage 
Drq 
And Semi-and Dlysubhum~d Arld Semi-and ,uhhun 
Africa 467.6 611.35 219.16 16.21 21.2 7 6 
Asia 704.3 727.97 225.51 25.48 26.34 8.16 
Europe 0.3 94.26 123.47 0.01 1.74 2.27 
\lorth/central 
America 4.27 130.71 382.09 6.09 17.82 4.27 
South 
America 5.97 122.43 250.21 7.11 14.54 5.97 
Mha=~o%a. 
Source: FA0 (nooza). 
Semi-arid zones are more extensive and occur in all the continents, and cc1vt.r up  to 18 
percent of the land surface. They have highly seasonal rainfall regimes and a mean ra~nfall 
of up to 500 mm in winter-rainfall areas and up to 800 mm in summer-rainfall areas Wit11 
an interannual variability of 25 - jo percent, grazing and cultivation are both iulnerable, 
and population distribution depends heavily upon water availability Since most ot the 
I I 
world land is semi arid particular consideration is given to this category for carbon 
sequestration. 
The soils of semi arid regions are characterized by frequent water stress, low organic matter 
content and low nutrient content, particularly nitrogen (N) (Skujins, 1991) Low organic 
matter content, low germination and high seedling mortality are the main causes of veg 
low plant productivity. 
Lal(2ooo) estimated the magnitude of the potential for sequestering C in so~ls in terrestrial 
ecosystems is 50 - 75 percent of the historic carbon loss. Furthermore, Lal hpothesized 
that annual increase in atmospheric CO. concentration could be balanced out by the 
restoration of 2 ooo million ha of degraded lands, to increase their average carbon content 
by 1.5 tonneslha in soils and vegetation. The benefits iiould be enormous. Enhdncing CS in 
degraded agricultural lands could have direct environmental, economic, and social benefits 
for local people. Therefore, initiatives that sequester C are welcomed for the improvement 
in degraded soils, plant productivity and the consequent food safety and alle~iat~on of 
poverty in dry land regions. 
The amount of Carbon that is likely to be sequestered in semi arid regions is o 5-0.3 t C ha 
'11-Ion cropland through improved management practice or change in land use, and 0.05- 
0.1 t C ha'yr1on grassland and pasture (La1 et al, 1999).hl (2004) has also reported that 
an increase of 1 ton of soil carbon pool of degraded cropland soil may increase crop yield 
20-40 kg/ha for wheat,lo-no kg/ha for maize, and 0.5-1 kglha for cowpeas. 
3.2 Factors affecting t h e  carbon sequestration 
Factors affecting CS 
In general C stock in soil is determined by the balance between C input from the plant 
(and animal residue) and C emission from decomposition. So, increasing soil C stocks 
requires increasing C input and /or decreasing C composition. There are some factors. 
which affect these processes one-way or other. Rate of CS depends on decomposition 
rates and organic matter input to the soil. So the factors, which bill affect these two 
phenomenons, will definitely affect the CS. Parton (1987) has analyzed some important 
site factors controlling SOM levels in Great Plains grassland. He reported that, four 
factors are driving variables for a particular site. 
1. Annual precipitation - It affects the decomposition and production 
and control N inputs. 
2. Temperature  is a control over the decomposition directly and 
through estimates of Potential evapotransipiration (PET) 
3. Soil texture controls the formation and turnover rates of the active 
and slow SOM pools. For e.g. more clay content favors the CS process 
4. SOU dep th  controls the storage of SOC in different pools of the soil. 
Plant lignin content also controls the decomposition rate and changes the above and 
belowground material as a function of climate.Beside that there are numerous factors 
like management practices. These management practices affects the either 
decomposition rate or organic matter addition and there by affecting Soh1 in so11 
(Parton et al., 1987) .In one of the experiments, it was found that out ot the total 
potential increased by adoption of improved practices, zi%can be given to no tillage and 
residue management and iq%to improved cropping system (Singh and Lal, 2005) 
Evidence from long-term experiments suggests that carbon losses due to oxldat~on 
and erosion can be reversed with soil management practices that mlnimlze soil 
disturbance and optimize plant yield through fertilization. It is possible that improved 
land management can result in a significant increase in the rate of carbon into the soil. 
Table 3 shows that "how traditional practices can be replaced by improved practices to 
increase the CS?" 
Table 3 Agricultural practices fo r  enhancing productivity a n d  increasing the 
amount  of  carbon in soils 
-- - p~-~ 
Traditional practice Improved practice 
- - 
Plough till Conservation till or nz f i l -  
Residue removal or burning Residue return as mulch 
Summer fallow Growing cover crops 
Low off-farm input Judicious use of fertilizers and integrated 
nutrient management 
Regular fertilizer use Soil-site specific management 
No water control Water management/conservation, 
irrigation, water table management 
Fence-to-fence cultivation Conversion of marginal lands to nature conservation 
Monoculture Improved farming systems with several crop rotations 
Land use along poverty lines and Integrated watershed management 
political boundaries 
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Drnnlng wetland Restortng wetlands 
. 
The process of soil CS or flux of C into the soil f o m  part of the global carbon balance. 
Many of the factors affecting the flow of C into and out of soils are affected by land- 
management practices. Therefore, management practices should focus on increasing the 
inputs and reducing the outputs of C in soils. The long-term CS potential is determined not 
only by the increase of C inputs into the soil but also by the turnover time of the carbon pool 
where the C is stored. For long-term CS, C has to be delivered to large pools with s l o ~  
turnover. The partitioning between different soils carbon pools mth \,arying turnover tlnles 
is a critical controller of the potential for terrestrial ecosystems to increase long-term 
carbon storage. Allocation of C to rapid-turnover pools limits the quantity of long-term 
carbon storage, as it is released rapidly back to the atmosphere. 
A proper analysis of the CS potential of a specific management practice should consider a 
full carbon balance of the management practice if it is to be used for carbon mitigation 
purposes. Another problem is the cost of agricultural practices in terms of C. Application of 
fertilizers, irrigation and manuring are all common practices that consume C. Therefore, 
and full carbon accounting should take into account all activities associated with a 
particular practice. 
Wani et al, 2002 has also reported that over a lo-year period, if any kind of soil quality 
enhancement can he accomplished, it is possible to sequester about 0.5 Gt of 
atmospheric Chemistly. 
In one of the experiment model result suggested that for the semi-arid Great Plains, 
agro system properties such as soil C, may be more affected by certain changes in 
management practices than by projected climate change. (Paustian et al., 1996) 
3.3 Management practices increasing the  potential of  carbon sequestration 
Some of the management practices, which are found to increase the potential of carbon 
sequestration and crop productivity in soil, are follow<ng: 
Plant residues application 
B.R Singh and R.Lal, 2005, has reported in one of the recent article that crop residue, 
containing about 40% C, is the major source for the improvement of SOC concentration 
in soil. Lal, 1997 has reported that in agricultural systems, because plants are ha~es t ed ,  
only about 20 percent of production will on average be accumulated into the soil organic 
fraction. Furthermore, in some fanning systems, all aboveground production may be 
harvested, leaving only the root biomass. Of the plant residue returned to the s o t  about 
15 percent will be converted to passive SOC but Schlesinger (1990) has advocated that 
only I percent of plant production will contribute to CS in soil. 
Rasmussen, Albrecht and Smiley, 1998 has reported that the actual quantities of residue 
returned to the soil will depend on the crop, the growing conditions and the agricultural 
practices. Unless a root crop is being harvested, all belowground production is available 
for incorporation into the SOM. In cool climates, belowground carbon inputs from roots 
alone can generally maintain soil carbon levels. But in the semi arid region warmer 
where residues are decomposed much more readily, proxlding sufficient moisture is 
available. 
Increase of C concentration in soil through residue application is dependent on both the 
quality and quantity of plant residues. The quantity is highly dependent on the 
environmental conditions and agricultural practices. 
Reicosky has done a lot of work to find out the quantity of residue returned by the 
different crop and its effect on carbon sequestration. Reicosky, (19971, found that a crop 
of maize will return nearly mice as much residue to the soil compared with soybean 
and, consequently, will result in a higher rate of SOM increase. He (1998) also reported 
that keeping crop residue on the surface and reducing tillage intensity not only controls 
erosion but also reduces the release of CO2, which means increasing the C 
concentration in soil. He concluded that SOC level is affected by agricultural 
management practices through complex interaction of processes determined by the C 
input and decomposition rates. 
It has also been reported that legumes are helpful in increasing the potential of CS.The 
advantage that cereals have, over legumes, for achieving maximum CS rates has also 
been demonstrated by Curtin et a1 (2000). They have shown that while black lent11 
fallow in semi-arid Canada added between 1.4 and 1.8 tonnes CJha, a wheat crop would 
add 2 - 3 times this amount of C annually. 
Similarly, in Argentina, soybean, which produced 1.2 tonnestha of residue, resulted in a 
net loss of soil C, while maize, with 3.0 tonnes/ ha of residue, lessened the loss of soil C 
from the system significantly (Studdert and Echeverria, 2000). 
Even within one crop group, large differences in organic matter production occur. 
Abdurahrnan et al(1998) compared dry leaf production from pigeon pea and cowpea. 
While the former yielded 3 tonneslha, cowpea produced 0.14 tonneslha. These 
examples illustrate how the choice of crop can have a major influence on how much C 
an agricultural system can sequester. The chemical composition of plant residues affects 
their rate of decomposition. On average, crop residues contain about 40 - 50 percent of 
C but N is a much more variable component. A high concentration of l ~ g n ~ n  a d other 
structural carbohydrates together with a high C:N ratio will decrease the rate of 
decomposition. Care must be taken when appl14ng residues, as large losses ofC can st111 
occur under certain conditions. 
In western Kenya, 70 - 90 percent of the added C was lost within 40 d when green 
manure from agro forestry trees was applied during the rainy season (Nyherg et al., 
2002). 
In Indian context, although a much residue is available but most proportion of that is 
fed to the livestocks. At some places plant residues are burnt which decrease the C 
content of the soil. 
It is also found that gliricidia plantation is also good source of N which can increase the 
productivity as well as the carbon sequestration (ICRISAT, 2002) 
Organic manure application 
Judicious management of soil fertility plays an important role in crop product~on on one 
hand and SOC concentration on the other. Application of nutrients organic manure lead 
to increase in crop yield and thus high rate of organic matter returned to the soil, which 
can result in high SOC concentration and biological activity. (B.R Singh and R.LI1, 
2005) 
Many long-term experiments have shown that both fertilizer and manure application 
result in increase of SOC but relatively increase is generally higher in organic manure 
than inorganic fertilizer. (Smith et al ,1997; Jekinson, 1996; Writter et al., 1993) 
One of the key characteristics of manure application is that it promotes the furmat~on 
and stabilization of soil macro aggregates and particulate organlc matter Manure 1s 
more resistant to microbial decomposition than plant residues are. Consequently, for 
the same carbon input, carbon storage is higher with manure application than with 
plant residues (Jenkinson, 1990; Feng and Li, 2001). 
Li et al. (1994) found that manure yielded the largest amount of C sequestered over a 
range of soils and climate conditions, although soil texture was important, and the 
greatest rate of sequestration occurred where there was high clay content. Some times 
there is problem with manure application. An additional problem in dry lands that 
restricts the quantity of manure that can be applied is "burning" of the crop when 
insufficient moisture is available at the time of application. Consequently, farmers often 
wait until the rains have come before making an application, especially as precipltatlon 
is often erratic in arid regions. 
More useful is the practice of night-parking cattle as manure production is usually 
greatest at dawn and dusk. When 50 cattle were penned in an area of 0.04 ha for five 
nights, they produced the equivalent of 6.875 tonnesfha of manure (Harris, 2000). 
Normally, cattle will be penned in fields for 2 - 3 nights in northern Nigerla and this can 
supply manure at a rate of 5.5 tonneslha .In some areas cattle are kept permanently in 
pens and fed using feed grown on neighboring fields. . Although an efficient system, 
some C will be lost as a consequence of the respiratory and growth requirements of the 
cattle. 
Smith et al. (1997) assessed the effect of organic manure on SOC concentration of soil in 
Europe. Fourteen experiments from all over Europe were selected for scenarlo analys~s 
They reported highly significant linear relationship beween the yearly percent changer 
in SOC concentration and amount of organic manure applied. From the regression 
equation developed they estimated that manure application at the rate of lo MT /ha 
annually to all arable land would increase total SOC pool in Europe by 5.5% over a loo 
years period. 
In a long-term experiment, R.H Kelly et al (1997) reported average yeld and SOM C 
(both simulated and observed value) is higher in manured plots than the inorgan~c 
fertilizer application. 
In a long-term experiment at ICRISAT, it was found that vermicompost is also used as a 
source of organic matter addition, which increases the organic input In bull ~ n d  thus 
increases the Carbon stock in soil. 
Tillage is one of the major factors responsible for decreasing carbon stocks in 
agricultural soils. (Pretty et al. (2002)) The mould-board plough and disc harrow are 
believed to be the causes of the loss of soil C through the destruction of soil aggregates 
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and the acceleration of decomposition by the mixing of plant residues, oxygen and 
microbial biomass. Soil aggregates are vital for CS, a process that is maximal at 
intermediate aggregate turnover (Plante and McGill, 2002). Of the organic matter 
fraction, the particulate organic matter is the most tillage sensitive. 
It is difficult to quantify the effects of tillage on soil C because the effect is very slte 
dependent, e.g. coarse-textured soils are likely to he more affected by cultivat~on than 
are fine ones. However, reducing tillage should be most effective in hot, dry 
environments (Batjes and Sombroek, 1997). 
Reicosky (1997) conducted an experiment that used measurements of CO1 efflux to 
investigate tillage-induced carbon lass from soil. The flux of CO, was monitored for 19 d 
following different forms of tillage practice. The mould-board plough buried most of the 
crop residue and produced the maximum CO, flux. The C released by the different 
treatments as a percentage of C in the crop residue was: 134 percent with rnouid-board 
plough; 70 percent with mould-board plough and disc harrow; 58 percent with disc 
harrow; 54 percent with chisel plough; and 27 percent with no-tillage. This 
demonstrates the correlation between CO, loss and tillage intensity, and demonstrates 
why farming systems that use mould-board ploughing inevitably lose soil C. Very large 
amounts of organic matter would be required to replace the loss incurred by such heavy 
tillage. Reicosky et d. (1995) estimate that 15 - 25 tonnes/ha manure plus crop residue 
would be needed annually in North America to offset these losses. 
It's not compulsory that less C02 release due to no till age or reduced tillage would not 
reflect in more carbon in the soil system. It is found that more COa was released from 
no-tillage or reduced-tillage compared with conventional tillage despite there being 
increased levels of soil C. They ascribe this difference to an increase in the microbial 
biomass. 
In an experiment the results suggested that a change from CT to NT can sequester an 
average of 57 +- 14 g C m-=pr-' (West and Post, 2002). This average vaiue was higher 
than previous estimate of 24 - 40 g C m-V-'(Lal et a]., 1999). 
It was found that Soil CS rates with a change to no till practice, can be expected to have 
delayed response, reach peak sequestration rates in 5-10 years and decline to near zero 
in 15-20 yrs in an analysis by West and Post (2002) 
Conservation tillage practices can minimize the rapid breakdoun of plant residues, 
reduce CO 2 emission, and reduce the production of inorganic dissolved nitrogen (i.e., 
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nitrate and ammonium) in soil. When conventional tillage is convened to consensation 
tillage, both CO 2 emissions from soil and N-uptake by crops is reduced. 
Reduction in CO 2 emission from soils enhances soil organic carbon (SOC) content, hut 
reduction in N-uptake decreases residue production and hence, organlc C storage In 
soils. Also, it was found that reducing tillage significantly decreases SOC loss from soils 
with high organic matter content. 
Rotations 
In crop rotation, where different crop species have a variety of rooting depths which 
helps in distributing organic matter throughout the soil profile. In particular, deep- 
rooting plants are especially useful for increasing carbon storage at depth, where it 
should be most secure. The inclusion of N-fixing varieties in a rotation increases soil N 
without the need for energy-intensive production of N fertilizers. Therefore soybean, 
cowpea and pigeon pea has been greatly been used in rotation. 
An enhancement in rotation complexity, with the exception of a change from 
continuous corn to corn - soyabean can sequester an average of 20 t- 12 g C m 'yr ' 
(West and Post, 2002) which is similar to an average estimate by the Lal et 
a1.(1998,1999) for an improvement in rotation management. An important conclus~on 
was made by West and Post (2002) that if a decrease in tillage and an enhancement in 
rotation complexities occur simultaneously, the short term (15-20  IS) increase in SOC 
will primarily caused by the change in tillage and subsequent decrease in the rate of 
SOC decomposition, while the long term (40-60) increase in SOC nil1 primarily caused 
by the rotation enhancement and subsequent change in residue input and cornposnion. 
Fallowing 
Lucretia and Peterson (2002) showed in one of the experiment that Cropp~ng systems 
that intensify the frequency of cropping and reduce and/or elim~nate summer f,illowne, 
mwimize SOC sequestration rates. 
The rate of SOC was 245 kg/ha/yr (223 Ihs/acre/yr) for Continuous cropping in 
comparison to 36 Ibs/acre/yt (40 kg/ha/yr) for Wheat fallow when averaged over sites 
and slopes. However, fallows can have a negative effect on carbon storage In many 
situations (FAO, noor). 
Using the CENTURY agro-ecosystem model, Smith et a1 (2001) predicted that reducing 
summer fallow in wheat cropping systems (wheat -fallow to wheat - wheat - tall ox^) in 
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the semiarid Cherokees of western Canada would reduce carbon losses by 0.03 
toneslha. 
Rasmussen, Albrecht and Smiley, 1998 has reported that the frequency of summer 
fallows in semi-arid regions has been suggested as one of the major factors influencing 
the level of soil C in agricultural systems 
3.4 Why century model? 
Although many models are developed to simulate soil organic C,N and crop yields .but 
some models are considered better in predicting the result such as ROTH Chemist and 
Century model. Century model has been used in this study because: 
1. Ability to model a diverse array of ecosystems 
2. Capability to simulate a wide range of land use and management options 
3. Extensive use and testing around the world on a diverse array of systems 
(referred below) 
4. User friendly 
Most of the long-term experiments done on simulation used this model. (Referred in Ch 
3). 
A comparative study was done to assess the performance of nine different models using 
datasets from seven long-term experiments (Smith et al. 1997). Result showed that 
CENTURY, ROTH-C and DAISY model met the criteria of the good model performance 
across all the simulation, most of the times. More over Century model performance \*.as 
best for grass and crop system among all the models. 
Century is a tool for predicting SOM dynamics across climate, land use type, and 
treatment within site (R.H Kelly et al, 1997). He found that century model was not able 
to simulate SOM C in Calhoun forest (one of the sites of his experiments due to its well- 
developed litter. This inability limits the utility of CENTURY model for forested 
systems. This is because high-decomposed litter that in reality remains on the mineral 
soil surface is automatically transferred to a pool of slow SOM.This lead to 
unrealistically high value of SOM. CENTURY model was more successful at simulating 
SOM in grass and crop system than forest systems (Kelly et al., 1997) 
3.5 Simulation using CENTURY model 
Parton et al., 1988, used Century model for the simulation of SOC in semi arid agro 
ecosystem. They simulated the carbon stock in different pools .The simulated values for 
for resistant, slow, active, and plant residue fraction were 44%, 2996, 11% and 16% 
respectively as compared to estimated value (based on soil fractionation data) 48.25. lo 
and 17. 
CENTURY was used to simulate soil and biomass carbon over a period of 25 to 50 years 
under a series of land use and management option in semi arid pan of Senegal 
(Tschakert et al., 2004). Simulation resulted in C dynamics ranging from -0.13t Clhalyr 
from a worst case millet sorghum rotation to +o.qgt/ha/y~ on intensively managed 
agricultural fields. 
Paustian et al, 1996 used CENTURY model to model climate and management impacts 
on soil carbon in semi arid agro ecosystem. They reported that differences between 
management systems at all the sites were greater than those Induced by perturbat~on of 
climate. 
Parton et al, 1994, reported that result presented in this paper suggested that centun 
model accurately simulates total organic C and N dynamics and net plant productlv~ty 
also across wide range of managed and natural tropical ecosystem. 
Probert et a1 (1995) compared the two models APSIM and CENTURY to simulate 
nitrogen and crop yield. Result of this experiment showed that CENTURY performed 
better than APSIM model in predicting relative yields of Nitrogen treatments hut was 
less satisfactory than APSIM for grain yield, soil water and drainage. CEhTURY model 
captured the long-term scenario well. They also reported that lack of accurate data on 
soil organic carbon and nitrogen at the start of experiments is major limitation of 
dataset, needed for CENTURY model, which necessitates the use of some estimates tu 
initialize the model. 
Cartor et al, 1993 simulated SOC and nitrogen in cereal and pasture system uslng 
CENTURY model. They reported in the literature that model correctly predicted the 
temporal trend in organic matter changes and successfully simulated the positive effect 
and negative effects of N fertilizer and fallow, respectively, on soil C and N contents. 
They also advocated that model is better in predicting the long term than short-term 
temporal variation. 
METHODOLOGY 
- -- 
4.1 Site description 
KOTHAPALLY-ADARSHA WATERSHED 
Adarsha watershed is a community watershed at Kothapally dlage,  Shankarpally 
mandal in RangaReddy district of Andhra Pradesh, India. It is located at Longitude 78" 
5' to 780 8' East and Latitude 17 21' to ij 'O 24' North. It is 40 km south of ICRISAT 
center, Patancheru, and spread over 465 ha (Figure 5). 
Figure 5 Kothapally -Adarsha watershed 
Soil depth varies from 30 to go cm and has low to medium water holding capacity. 
Average rainfall is 890 mm. The cropping pattern has been changed during last 6 years 
Adarsha watershed development programme started by the ICRISAT in 1999. (Table 4). 
Area under Pigeon pea has greatly increased from 60 to 200 ha. Corresponding increase 
can also be seen in maize. This is because pigeon pea is grown as intercrop with 
sorghum and maize. This implies that cropping pattern has been altered in these six 
years. This is one of the reasons for choosing Pigeon pea crop for the modeling.. Other 
reason includes that Pigeon pea is the most important intercrop grown with Sorghum 
and Maize, in semi arid regions. It is known to be the drought resistant crop, which is 
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necessary for rain-fed areas. Moreover its long tap root system helps In storage of SOC 
in stable pools. 
Table 4. Chanainn in c r o ~ ~ i n a  D ttern 
4.2 Data collection 
Secondary data 
1. Weather data - Rainfall, Maximum and Minimum temperature of Korhapall~ 
for 7 years (1999-2005). Monthly average value, standard deviation and skew 
ness for rainfall was calculated.(Annexure I) 
2.  Soil data -Physical properties like sand, silt and clay fraction at different depth 
,wilting coefficient and field capacity etc and chemical properties like ~nitial 
value for P,N,S and organic carbon and pH value.( Annexure 11 and 1111 
Calculation of bulk density 
Soil samples were taken from the two sites at different depth. 
Total 24 sample were taken (12 from each site and bulk density was 
calculated (Annexure IV) 
Using the formula: 
Wt of the dry sample of soil 
Bulk density of the Soil 
volume of the soil 
Some parameters for which the value was not known and difficult to calculate in short 
span of time has been taken from the existing literature, some reports and wehsites. 
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ICRISAT 
Pr imay  data collection 
Data on cropping pattern farmers management system (Annexure V) was collected 
through questionnaire survey and farmers were inteniewed. 
Sample size was 42, which is 15% ofthe total numbers farmers (i.e. 2601, of the \illage. 
Farmers were selected randomly. Land holding of the farmers varied from 50 acres to 
lo  gunta (40 gunta = 1 acre). Out of 42 only 32 farmers (approximately 75% of the 
sample size) grow Pigeon pea crop. 
The data comprised of: 
Cropping pattern - crops grown and respective crop yield 
Agricultural operation /practices adopted by the farmers like plowing or tillage 
method 
. Type and quantity of organic manure or fertilizer applied 
Grazing and fallowing 
Crop residue application. 
Data was compiled and average value was calculated (Annexure \r). .All these values 
been set into the respective files of century model and then model mdde to run 
under the current practices and some other management options. 
4.3 Selecting management  options 
Management system under which model has to he run were selected on the feasibility 
of the fanners to adopt those practices. Selection of some management option can 
justified as follows: 
One scenario was taken as application of Vermicompost because people in 
the Kothapally village have vermicompost plant in their houses and some 
farmers uses vermi-wash on their field also. Wermicomposting training was 
given to lo  self help groups by to promote micro enterprises and generate 
income) (CGIAR, 2003) 
1 Glyricidia plantation is also there which can be used as N source. (figure 71 
On station watershed at ICRISAT have shown that Glk~icidia lopping provide 
31 kg N / h a / y  without adversely affecting the crop yield. Farmers have 
planted about 50,000 Glyicidia saplings on bunds for generating N rich 
organic matter 
Figure 6.Gliricidia plantation i n  Kothapalll 
=. Since crop residue is used mainly for fodder a fuel wood so there are less 
probability for farmers to apply crop residue to their fields. So the scenario was 
not simulated to see the effect of crop residue application individually. But in 
one of the scenario, legume hay application is taken as a option of 
management practice. 
a SOC was also simulated when organic manure addition is doubled but 
inorganic fertilizer was not applied. 
a A scenario has been simulated where the grazing is not excluded hut intensity 
is decreased 
One scenario was simulated to see the combined effect of all these improved 
management practices on carbon stock in the soil. 
4.4 Site descript ion 
ICRISATCAMPUS -Black watershed 7 (BW7)  
This BW7 watershed is situated at ICRISAT campus, Patancheru (17" 32' N lat~tude and 
780 16' E longitude), Andhra pradesh, 1ndia.ICRISAT lies at the margin of dry and wet- 
dry SAT with 4.5 months rainfall exceeds PET (Murthy and Siwndale, 1993). During this 
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four and a half month 80% of the rainfall is received. Two small watersheds of 2.2 and 
2.5 ha were designed and developed. The soil is vertic inceptisol and depth Larles from 
30 to go cm the general slope is 2%. (Figure 71 
m a -  
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Figure 7: Layout of BW7 site of ICRISAT campus 
TWO landform system is compared Broad Bed & Furrow (BBF) and Flat system (Rgure 
8 and Figure g) 
Figure 8: Broad Bed& Furrow (BBF) Figure 9: Flat 
4.5 Data collection 
Weather and soil data was obta~ned from ICRISAT only. (Annexure VI) 
Information on management practices that has been adopted for the last lo years for 
two given system (BBF and Flat) was also collected from ICRISAT. 
Two systems BBF and Flat landform systems were taken. (Management skstems are 
described in chapter 5: Result and Discussion) As both the systems arc \uch 
managed that comparison could be done, CENTURY model was also run for these 
two systems. 
All the values and information were set into the century niodel and mildel wsa ~ m ~ d e  
to Nn 
Simulation is done for these two system and result were compared to fitid out which 
system is more efficient in sequestering carbon over 30 years of duration. 
4.6 CENTURY model  - development a n d  working 
The CENTURY model is developed by Parton et al(1987). This model simulates C, N. P, 
and S dynamics in the soil. the model was developed to look at the tmpact of dlfterent 
temperature and moisture regime and different cultivation practices on the turmatlun 
and degradation of soil organic matter. 
The Century Model Interface (CMI) was developed to glve users of the Centun model a 
convenient tool for configuring and running Century simulations and nerilng the 
simulation results. 
The model runs with a monthly time step. The major input variables tor thc model 
include: 
1. Monthly average maximum and minimum air temperature 
2. Monthly precipitation, 
3. Lignin content of plant material 
4. Plant N, P, and S content 
5. Soil texture, 
6 .  Atmospheric and soil N inputs, and 
7. Initial soil C, N, P, and S amounts 
Century simulation requires selecting or editing these sets of simulation parameters 
and data files: 
I .  Site Parameters 
Climate 
Soil and physical controls 
External nutrient input 
Crop and grassland organic matter initial values 
Forest organic matter initial values 
Initial mineral N, P, and S 
Initial soil relative water content 
Initial lower layer pools values 
Erosion pools loss factors 
2. Model Parameters 
Crops 
Cultivation Events 
Fertilization Events 
Fire events 
Fixed parameters 
Grazing events 
Harvest events 
Irrigation Events 
Organic Matter Additions 
Trees 
Tree Removal Events 
 management ojthe Site 
Simulation Information - Specify overall simulation setup intr~rrnatlon 
Define Blocks - Define management blocks. 
Use Blocks - Specify blocks in simulation time. 
To run a century simulation in CMI, following steps are there: 
Specify the site parameters. 
I. Specify the management scheme. 
2. Specify the output file. 
3. Check the simulation status to be sure your configurat~on 1s corre~,t 
4. Run the simulation 
Irl - RESULT AND DISCUSSION 
From the literature review it was found that there are many management practices, 
which can affect CS process either decreasing or increasing its rate in soil, which are 
fully described in chapter 2 
5.1 Analysis of  land management practices in Kothapally 
Analysis on practices adopted by farmers of Kothapally was done on the basis of the 
data and information collected. (Annexure V) 
Adarsha watershed in Kothapally village comprise of 465 ha out of which 430 ha is 
cultivable. Soil type is predominantly Vertisols (90%). the main crops grown in the 
village are Sorghum, Maize and Pigeon pea. Area under pigeon pea crop has greatly 
increased from 80  ha to 200 ha during period of 5 years from 1998-zooz. Pigeon pea is 
grown as a intercrop with maize as well as sorghum. Livestock are fed fodder and plant 
residues from the fields. Consequently, no plant material is returned to the soil. Farmers 
applied many tqpes of organic manure and poultry manure. The cattle manure (mainly 
cow dung) and poultry manure applied on the field is i.gtonnes/ha/yr and 0.5 
tonnes/ha/r respectively .In addition, farmers also adopt sheep penning practice in the 
night. According to farmers sheep manure helps in increasing the fertility of the soil s 
well as crop production. This practice allows 50 to 200 sheep to sleep in the night for 8 
to 12 days. This contributes C and N to the soil. Besides these, inorganic fertilizer has 
been also used in recent years (150 @/ha of di-ammonium phosphate) and 150 kg/ha 
urea also. Amount of inorganic fertilizer (for each DAP and urea) appliedvaries between 
the areas of farmers' fields from 75 kg/ha to zoo @/ha. It was found that smaller the 
area, greater the fertilizer application. It was told by one of the farmers that generally 
DAP is not applied when poultry manure is applied. Sometimes SSP and potash is also 
applied. One or two farmers out of 40 also use vermicompost in their fields. Regarding 
pesticide application on the fields, they don't apply any pesticide because of two 
reasons. First is that, they are growing pigeon pea crop of improved variety in which 
there are less probability of pest attack, secondly, if pest such as Helicoverpa invade the 
crop they are removed by shaking method (approximately 7 ~ 8 0 %  are removed by 
shaking method). Plant is harvested leaving 50 % stock, which is later removed and 
used for fuel wood and fodder. Grains are harvested with the 50% straw removal. 
Table 5 Different scenarios (for Kothapally site) 
30 
-. 
Scenarios 
Current management practice: Cattle manure (cm), Poultry manure (pm), 
manure (sm), grazing ,+Urea +grain with 75% straw removal, tillage 
Current practice with less intensity grazing 
Double organic fettilizer + vermicompost (nookgfha) 
Current practice+ DAP excluding pm 
Double inorganic fertilizer + cm and no other organic manure 
Current practice tGliricidia without inorganic fertilizer 
Current practice with no till practice 
Cmtpmtsmtno till+vermicompost+legume hay 
'Cm-cattle manure, Pm -poultry manure, Sm-Sheep manure 
5.2 Simulation result by century model under different scenarios 
Refer Annexure VII; CENTURY predicts that the current farming practice (scenario 1) is 
resulting In decrease in SOC from due to continuous cultlvatlon (Graph 1) 
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Graph 1 
SOC is decreasing over the years although there is a slight increase during 2000- 
2ooi.The teeth like or zigzag structure is because of increase and decrease in 
decomposition rate for continuous years and due to seasonal change .The same zigzag 
trendline is seen in other experiments simulated by the CENTURY by Sm~th el al, 1997 
and Parton and Rammusen, iggq. The same trend is seen with the total soil carbon 
(graph 2) 
- -  -- - 
Tohl Carbon 
UW 
37W - -------- - j ,,--------_ 1 
35w - -T 7m- - - 
@%8'@##+c,Q:d'B%6.2z0e+?B 
- - - 
Graph 2 
S~gnificant dtfference IS seen in scenano 2 the SOC when the intensity of grazlng has 
been decreased (graph 3). 
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Graph 3 
The reason for the increase could be decrease in decomposition rate as well as more 
organic addition(from the plant biomass and faces of the grazing animal).Total carbon 
has also increased from 4059 g/ma to 4zaqg/mz(graph 4) 
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Graph 4 
A marked difference IS seen when no inorganic ferhllzers appl~ed (scenano 3) Instead 
of that organlc manure appllcahon is doubled Overall SOC has increased from 4039 to 
4654 g/mn. The increase in C is because of more organic matter addition. The dip at 
three points could be because of temperature increase or the precipitation increase, 
which would have increased the decomposition rate. Similar results has been found by 
the Parton and Rammusen, lg94.In their experiment also there was increase in SOC 
and TOC, but the trend line was exactly similar .The result of this scenario are also 
according to Lekasi et al,zoo1 who reported that there is an increase in SOC when cattle 
manure and sheep manure is applied at the rate of 4-10 t/ha. 
Graph 5 
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Graph 6 
Next scenario (scenario 4) is different from scenario 1 regarding the application of DAP. 
In scenario 1 DAP is not applied when poultry manure is applied.In this scenario DAP 
(150 kg / ha is supposed to applied .The graph shows no decline in SOC from initial to 
final .Instead the is a overall slight increase of iog/mn.steep increase can be because of 
increse in N snd subsequently in C, 
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Slrnllar trend IS seen in case of total C 
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Graph 8 
In contrast to scenario 3, scenario 5 comprise of very less organic manure (cattle 
manure is applied) addition but inorganic fertilizer has been doubled. There is decrease 
in C stock from 4059 to 365og/rnzit can also be compared with scenario 4 where 
fertilizer application is half. 
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~h~~~ could be because of low organic matter addition. Total organic carbon has also 
decreased from 4059 to 3756 g/mz (graph 10). 
Tobl Carbon 
Graph 10 
Scenario 6 shows the effect of glyricidia plantation on C stock in soil. As glyricidia 
plantation is good source of N, so inorganic fertilizer is not applied. The result shows a 
slight less decrease in carbon stock from 4039 to 374zg/m2 as compared to scenario I 
nh~ch  1s 3739g/m2. 
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Graph 11 
It can be said that N which is provided by the urea or DAP is equal as provided by the 
Glyricidia plantation. The decline is 8% that is glig/mn.in case of total C. 
Graph 12 
Scenario 7 includes the scenario 6 along with no tillage practice. This is the most 
effective management practice, which is found to increase the soil C in this simulation 
study. There is a marked difference in soil C stock. The value has increased from4039 to 
4409g/m2 
r--- -- - - 
4MO 
SOMTC 
L -- -- - - - - - 
Graph 13 
This implies that no tillage practice has significantly reduces the decomposition rate of 
active pool Total carbon has also ~ncreased from 40jg-4jng/mz 
r- -- Total Carbon 
Graph 14 
Nea scenario 8 considers all the improved management practices and the result is also 
according to the anticipation. There is a significant increase in SOC from 4039 to 
5uog/m2. 
SOM carbon 
Graph 15 
:sdt IS found for total C In 8011, whlch IS predcted to Increase from qojg to 
12 thls result can be expla~nedon the bas~s of more organlc matter addit~on and 
nposlhon rate 
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Total Carbon 
Table. 6 Change h carbon stock under different scenario 
Change In C stock Ikglhalyr) 1 I 
It is seen from the table that 10.9-kg/ha soil organic carbon can be sequestered at the 
rate of o.g6kg/ha/yr under improved management practices over 30 years. (Graph 17) 
5.3 Analysis of change in Nitrogen in soil 
Nitrogen flow follows the C flow in the soil. As N is bonded with C in organic matter so 
whatever change would occur in SOM carbon, SOM Nitrogen would correspondingl> 
change. This is well illustrated by the graphs 18-25 for scenarii 1-8 respectively. But N 
content is relatively less decreased as compared to Nitrogen. 
Graph 18 
Graph 19 
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Nitrogen in the soil is equal to the product of carbon flows and N:C ratio.C:N ratio 
varies as linear function of the size of the mineral pool. When the mineral N in soil 
increases from o to zcg/mn, the C: N ratio decrease from 15 to 3 for active poo1,zo to 12 
for the slow pool and lo to 7 for passive pool. As the crop is pigeon pea it would have 
increased the N eoncentration in soil which have decreased the C: N ratio or increased 
the N:C ratio. So overall increase in N is more than corresponding increase in C content. 
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In each of the scenario, value of SOM N has increased from initial value 382 g/mn, 
although the trend is degrading as  well as rising according to the cases. This is because 
of sharp increases in N in year 2000-2001. 
Table -7:  The herease in N content from 1999-2030 
5.4 Extrapolation of result t o  watershed scale 
By comparing all of the 8 scenarios, scenario 8 can be taken as best management 
practice 
These results are then extrapolated for four alternatives 
Current practice with watershed 
Best management practice with watershed 
Current practice without watershed 
9 Best management practice without watershed 
Alternatives with watershed include the change in cropping pattern (area under 
pigeon pea) caused due to Admha watershed programme (see table). The area is 
increasing from 60 ha to 200 ha in 2004 but it was assumed, during extrapolation, 
that area would remain constant after 2004 to 2030.For other two alternatives 
without watershed, no change in area under Pigeon pea have taken place. Change in 
carbon stock (TonnesJha) is multiplied to area for each year. And result is shown in 
graph. (Annexure VIII) 
The graph shows the effect of change in cropping pattern and management practices 
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The difference in C stock of 'a' and 'c' trend line is due to change in cropping pattern. 
This is only because area under pigeon pea crop has increased a lot due to Adarsha 
Watershed programme. If best management practice would also be adopted there 
could be further increase in carbon stock as shown in trend line 'd'. Minimum carbon 
stock like trend line 'a' would have there if watershed programme had not been started 
by ICRISAT. 
5.5 Analysis of management practices at BW 7 site 
The whole watershed is divided into shallow (50 cm soil depth) and medium deep 
(s5o cm soil depth) blocks. Each block was further divided into two parts to which 
two landform treatments were assigned. The landform treatments were Broad bed 
and furrow (BBE) and flat systems. The width of the bed in BBF landform was i.om 
and o.5m wide furrows on either side of the bed. The whole watershed thus 
consisted of four hydrological units: 1) Flat shallow 2) BBF shallow 3) Flat medium 
-deep 4) BBF medium-deep. 
The size of each hydrological unit was different ranging from 0.75 -1.27 ha and 
further divided into 6-8 subplots. Two cropping systems (soybean/pigeon pea, 
soyabean+chickpea ) assigned were grown to these subplots. 
Seedbed is prepared before sowing of the seed with minimum tillage and soil 
compaction 
But comparatively in BBF landform system tillage intensity is more than flat 
landform system. Following table (table 8) give the data about application of 
fertilizer and organic manure addition 
Table. 8: Details of fertilizer and organic addition in two landform 
systems o f  BW7 site 
BBF Flat 
Year Material Amount N P K Amount N P K 
Applied (Kg ha-') (Kg ha-') (Kg ba.8) (Kg ha.9 (Kg ha-1) (Kg ha-') (Kg ha I )  (Kg ha-') 
1997 SSP 250 0.0 18.0 0.0 250 0 18 0 
1997 Glyricidialo56 26.8 1.4 15.9 o o o o 
1997 FYM 6559 76.2 8.6 46.0 o 0 0 0 
Total 103.1 28.0 61.9 250 0 18 0 
Glyricidia loppings and FYM were applied before lo  days. No chemical feniltzer is 
applied. Sowing is done in June. To control weeds herbicides were sprayed. Hand 
weeding is done in the p month after sowing. Shaking method is applies for pest such 
as Helicoverpa . 
6.6 Simulation result fo r  BW7 site 
R a t  system 
The change in soil organic carbon stock from 1998 - 2030 is 327 g/mzwhich is 
approximately 13 % of the original stock i.e. zmg/m2.  (Graph 27) 
Graph 27 
Similarly total organic carbon has also increased from 2464g/m2 to 2982g/mz the 
reason for the increase in the carbon stock is well-managed system As seed bed 
preparation is done with minimum tillage and soil compaction so decompos~tlon 
rate is low. This increases the carbon stock. (Graph 28) 
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Graph 28 
The change in stock in BBF system ti also posmve .the percentage of Increase In so11 
organic carbon is a more 2.5 hmes (37%) as compared to flat system, whlch IS 13% 
(Graph 29)  
I - -- -- - - - - 
Sod agsnx: Carbon (dm?) 
L- - - - - - - - - 
Graph 29 
The SOC at the end of year 2030 is been predcted, by CENTURY model, as 
3368g/m~.Similarly there is a significant Increase In total organlc carbon from 
1464g/m2 to 3608glmz (Graph 30) 
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Graph 30 
There is noteworthy difference in change in carbon stock under flat and BBF 
landform system because they are managed differently. 
Although there is minimum tillage in both the systems but in BBF broad mould 
plough is also used besides cultivation, which can increase the decomposition rate 
and thus reduce the carbon sequestration rate. But this negative effect is 
compensated by the addition of farmyard manure (6.5 tonneslha). This addition has 
increased the carbon input to the soil contributing to the increase in carbon stock. 
Similar increase can be seen in N wntent in soil under both the systems. (Graph 31 
and Graph 32) In flat the increase is 269g/m2 from the initial 231g/m2 whereas in 
BBF it is giog/mn. In addition to FYM gliricidia lopping are also used inn BBF 
system as wmpared to flat system. Gliricidia lopping provides N as well as organic 
carbon. 
If we will compare the overall change in stock of C and N in both of the system as in 
graph, we can observe the significant increase in BBF than Flats system. 
CONCLUSION 
- 
6.1 Findings 
Since soils of lands have lost a significant amount of c and, therefore, offer a 
great Potential for rehabilitating these areas. Whereas cs itself is not a priority in 
poor countries, land-management options that increase cs and concurrently 
enhance plant productivity and prevent erosion and desertification are of major 
interest in these semi arid regions. 
Although soils are the major terrestrial carbon reselvoir, and agriculture is 
recognized as one of the major causes of GHG emissions, but these agriculture soils 
itself can acts as a sink and reduce the effect of Climate change in the future 
scenario. 
Investments or funds are needed for CS in these semi arid regions because they are 
home to large numbers of poor people and are at risk of degradation or depietion. 
Investments in improvedland management leading to increased soil fertility and CS 
can also be justified in many cases because they can be win - win situations with 
higher agronomic productivity and contribute to national economic growth, food 
security and biodiversity conservation. 
Enhancing CS in degraded dry lands could have direct environmental, economic and 
social benefits for local people. It could increase benefits for farmers as well as 
mitigate global warming, at least in the coming decades until alternative energy 
sources are developed. Therefore, CS initiatives linked to the improvement of 
degraded soils and plant productiviiy, and consequently food safety and poverty 
alleviation in dry land regions should be encouraged. 
There are many management practices, which can increase the carbon sequestration 
rates in soil. But some of those management practices, e.g. fallowing, are also known to 
decrease the carbon stock. So this is a debatable issue. Researches are still going on to 
reach to some conclusion. Modeling result for carbon sequestration in Kothapally soil 
has clearly illustrated the importance the role of management and cropping pattern in 
determining the potential responses of such agro ecosystem to climate change. The 
results have shown that how much carbon can be sequestered under particular 
management practices. Although the real potential for terrestrial soil C sequestration is 
but we can predict it through the use of models. This modeling will help to 
formulate the strategy for farming which can increase the production as well as 
sequester carbon. With the long-term prediction about CS in soil, best management 
strategies can be developed. 
In case of Kothapally, extrapolation of results showed that Adarsha watershed has 
~ layed  a big role in enhancing the carbon stock in soil. Further increase in stock can be 
achiwed by adopting best management practice. 
Simulation result for ICRISAT showed that BBF s@em is more efficient in sequestering 
carbon than Flat system. 
C E W R Y  model is very complex, because it comprises of many sub models, 
its accuracy to simulate different element (C, N, P and S) and crop growth 
reduces. 
The number of input variables needed is very large. 
This model is also not able to simulate forest ecosystem. 
Some input data are not available as well as difficult to estimate. It is difficult 
to get the data to initialize the soil organic matter in soil. 
. One of the important limitation of process of CS is that change in climate in 
semi arid areas can lead to formation of CaCO, - inorganic C -which means 
decline in SOC.This, will in turn increase the Ca in soil and disturb the Ca:Mg 
ratio which degrade the soil chemically. 
6.3 Future line of work 
Despite recent progress toward improved national and regional soil C budgets, 
research and modeling of soil C dynamics, and research in land use and soil and 
management, many knowledge gaps still remain in our understanding of the 
fundamental mechanism responsible for C sequestration. For ex limited data are 
available on relative C turnover rates in macro and micro aggregates and on 
belowground vegetation C stock and decomposition in the rhizosphere, which are 
essential to understand the soil C allocation and flux. Although it is known that 
improved management practice can increase the C stock in soil, but how long that C 
would remain in the soil, is one of area of research. For example: 
~ i ~ i m u m  tillage allows the decompasition rate yet adds organic material to 
the surface. Is occasional cultivation to bury the additional organic matter 
requlres to maximize the long term Sequestration? Or will this stimulate 
decomposition? 
0 What will he the effect of expanded use of N and other nutrients? This will 
increase the p r o d u c t i ~ ~  which although can increase the SOC but can also 
enhance the microbial activity lead to release of C to the atmosphere. 
Further research is needed to find out the ways and methods to increase the C content 
in slow and passive pool. What processes controls the downward movement of C? 
Additional area of research could be the magnitude and dynamics of Soil inorganic 
Carbon (SIC), in both arid and non-arid regions. 
More accurate baseline inventories of global land use, extent and sequestration 
capacity of native and disturbed ecosystem, and stocks of organic and inorganic soil C 
is needed. Further there is need of more reliable data not only for present day but also 
for C stocks prior to and during expansion of agriculture. Information is also needed 
on number of selected ecosystem parameters that are not commonly collected, in 
order to better understand the soil CS. For example data on liner and woody debris 
should also be collected along with aboveground biomass. 
Thesedata availabilitywill allow different models to work with more accuracy because 
data unavailability is the major limitation for simulation model. 
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M u  temp 
Month8 1999 
Jan 27.9 
Fob 31.2 
Mar 35.6 
Apr 38 9 
M a y  38.8 
Jun 325 
Jut 30.8 
Aug 29 1 
8.p 291 
OCI 305 
Nov 296 
Dee 28 1 
Mln temp 
Jan 11 4 
Feb 16.1 
Mar 18.1 
Apr 21 7 
May 234 
Jun 22 
Jut 21 
Aug 205 
Sop 204 
OCt 183 
NOV 126 
DOC 9.5 
Ralnhll 
Jan 0 
Fsb 3 
Mar 2.4 
Apr 0 
May 76 
Jun 54.5 
Jut 139.3 
Aug 224.6 
Sep 1151 
oct 5c 9 
NOV 0 
Dee 0 
Mean 
29 88 
32 47 
35 94 
38 66 
38 47 
33 93 
30 75 
29 48 
30 60 
31 15 
30 13 
29 14 
1321 
16 26 
1911 
22 85 
24 69 
23 19 
22 06 
21 48 
21 27 
19 84 
15 30 
1266 
Mean 
8 0 
150 
10 5 
13 6 
50 8 
77 1 
168 8 
195 3 
162 7 
1176 
1 9  
0 3  
ANNEXURE I1 
Longitude 78'5"-78'8" 
Latitude 17'21 "-1 7'24" 
Soil Vertisol (91%) 
Total cultivable lands 
Slope 2.5% 
Physical properties 
Soil depth(cm) (0-15) 1 5 3 0  
Sand shallow 13.9 22.9 
medium 7 6 7.8 
Fine sand shallow 
medium 
Silt shallow 
medium 
Clay shallow 
medium 
Field capacity shallow 
medium 
Wilting point shallow 
medium 
30-60 60-90 Mean 
41.1 43.7 30.4 
10.4 25.9 12 925 
15.6 16.2 13 625 
56.7 59 9 44.025 
6.9 11.4 7.45 
18.1 19.2 19 025 
20.4 1 6 7  211  
31.6 24 7 38.2 
62.3 48 2 59 IS 
0.36 0.37 0 3775 
0.45 0.42 0.4325 
0.21 0.23 0.2275 
0.27 0.25 0.26 
ANNEXURE I11 
Soil sampling data 1999 
pH OLS-P KJEL-N OC%(IO.~) SO~-S(IO-~) 
8.33 0.77 477.3 58 23 
8.4 1.3 286.7 38 9 
8.51 0.63 401 52 16 
8.45 3.63 518.7 68 33 
8.36 0.17 463.3 62 15 
8.35 1.47 400 7 55 13 
8.4 1.07 428.3 54 5 
8.45 1.27 487.3 73 9 
8.45 2.3 483.3 66 13 
8.22 0.1 512.3 73 8 
8.33 1.47 363.3 65 6 
8.3 1.43 336.7 44 33 
8.44 7.87 323.7 39 7 
8.29 2.47 501.7 66 13 
8.33 4 3 596.3 79 6 
8.21 5.13 428.3 6 1 16 
8.31 2.93 575.3 67 4 
8.28 0.93 509.3 66 17 
8.33 1.73 553 64 6 
8.34 1.53 419.3 61 17 
8.07 3.17 475.7 64 4 
8.06 0.1 479.7 66 4 
8.14 4.4 475 66 9 
8 18 2.47 411.3 53 15 
8.29 3.27 505.7 68 16 
8.35 1.43 421.3 55 10 
8.11 0.6 319 38 7 
8.1 7.13 725 70 14 
8.09 0.8 420.7 63 4 
8.22 2.3 565 82 6 
8.11 0 1 544.3 68 4 
8.11 1.73 369.7 49 4 
8.12 1.87 390.3 54 4 
8 11 0.2 383.7 49 25 
8.15 1.5 497.3 65 37 
8.52 0.57 302.3 37 43 
8.12 0.53 524.3 70 20 
8.09 0.93 589.3 70 10 
8.23 2.53 359.3 45 13 
8.17 3.4 532.3 70 9 
8.18 0.33 472.7 6 1 10 
8.25 0.1 368.3 48 14 
8.2 1.03 244.7 30 7 
avenge value 8.26 1.93 452.16 59.30 12.98 
Farm.<. name 
Volume of Un son  
Uv.1 Janga1.h 
136.P cu crn 
Dy+can Can mass 
m.u(o)  19) 
2394 7 4 2 8  
30471 12881 
26741 95 8 
241 14 7 4 2 6  
240 81 71 18 
289 1 127 27 
268 56 9074 
256 57 77 23 
2 M 5  7 6 3 4  
25358 71 98 
257 78 8383 
25822 7247 
240 71 18 
spot.2 
F.rm.<. name Nanyan Reddy Patel 
Volume of the con  136.68 su sm 
no. 
353 
354 
328 
319 
342 
322 
332 
321 
344 
331 
343 
345 
Mean bulk density 
0-1 5 1.17 
15-30 1.22 
30-60 1.33 
60-80 1.30 
Mass d d l y  Bulk 
soil (g) danslty 
IQICCI 
14961 1 1 0  
143 77 1 0 5  
143 26 1 06 
171 8 1 2 7  
154 7 1 1 4  
16587 1 2 2  
17581 1 3 0  
175 98 1 32 
178 33 1 32 
17363 1 2 8  
174 78 1 29 
171 3 1 2 8  
Average 
bulk 
density Gravlmstric 
Average 
bulk 
denslty Water content 
-- - 
I Bulk densityof sol1 st different 
I depths 
COWDUNO . 1 . 1 . 6 t o n w ~ l h ~ r  
Bhwp  s h p  
UIU 2.~26 - 1 p w 1 ~ l k # h y r  
DAP 2.16 '3 pW.160kgIhyr 
O q m I o m n u m  -llony.O.&!enn*d 11.6 
( sh l ck~nmnur *  0.976 h e r  t onnn  
2 4  
1001 0qan15 t o n n l r h d  
manun yr 
SSP 
p0l.m 
HIWIUW wm 50% stdk mn and zourtnw removal 
DAP (PER 
DAP ACRE) 
50 333 
50 275 
. . 
25 107 
25 0 81 
18 200 
5 100 
5 0 71 
10 125 
10 1 6 1  
7 085 
20 095 
12 2 00 
2 0 67 
' 0 OC 
3 100 
5 100 
10 12s  
5 107 
0 000 
5 071 
4 1 00 
3 1 CO 
7 100 
COW 0,g.ni. 
dung Manure SSP P D U S ~  
2 033 ' 
2 033 ' ' 
' 0 4 ' .  
3 033 ' ' 
4 ose ' ' 
. 1 ' 2  
2 0 .  
1 c s  2 r 
0 5 ,  3 
1 066 ' 5 
. o 5  ' . 
' 05  ' ' 
' S 50ig ' 
' 0 3 3  
033 1 
' 05  ' ' 
3 0 ' .  
Month 
January 
Februay 
March 
Aprll 
May 
June 
Juk 
August 
September 
October 
November 
December 
Mean 
8.55 
6.76 
15.62 
24.99 
38.32 
119 70 
180.35 
232.37 
146.70 
98.40 
23.74 
4.00 
Rainfall 
Standard 
devlatlon 
13.88 
15.38 
23.32 
27.51 
46.03 
51.13 
71.91 
133 20 
100.00 
90.97 
47.62 
8.25 
Mean Mean 
Skew nese Max temp Mln temp 
2.01 28429 1388 
2.45 31 490 16 23 
1.63 35.194 19.30 
1.33 37.648 22.70 
2 09 38.780 24 82 
0.75 34 248 2361 
1.19 30.659 22 36 
1.65 29 174 21 79 
1.25 30 104 21 48 
1.19 30.286 19.51 
3.80 28.788 15 83 
2.59 27.663 12 86 









STRCISIZ I )  STRLIG(l1 STRLIG(2l STRVCC(I) STRUCC(2) TOTC 
17925 02433 033.17 4932 17825 -711 
36701 02562 03347 5 5932 36701 4NO74 
4 7 m  04601 o ~ m i  1 ~ 0 3  4 7 m  4 l i s n  
-7785 02731 02572 426415 4077% 41U76  
61 8417 03113 03065 40122 61 8417 407113 
5L9828 0 3Y(I 0 3014 399247 54 9(128 410306 
737074 0 3916 0 3445 39678 n 7074 -34 
653414 035 03288 41 0639 653.114 407436 
82 2741 O M  0 3518 4 0589 82 2741 401Z.U 
71 7951 03331 0335 42888 71 7951 404703 
871584 0 3M2 03475 4 1581 87- 1911611 
75 M53 0 3326 03327 42 6656 75 0153 .(11S C7 
894289 0 3678 0 3457 4 155 884289 195766 
762521 033% 0 3315 1 2 W 1  762521 M 2 6 7  
90lZZ9 03686 03152 41487 801229 1911 67 
768887 03338 (13314 425158 7 6 W T  596701 
903793 0 369 0 2452 4 1476 903793 39011611 
78 8559 0 3339 0 3314 4253411 768559 3942x3 
804839 03692 03452 4 1467 90483s mzn 
76-94 0334 03314 ,25241 769298 Z9mlr 
905317 03693 03453 4 1464 905317 3eS-33 
769661 0324 03314 125205 769661 38-88 
905557 03693 03453 4 1461 905551  YYOT*  
769851 03341 03315 925179 7698% a m 9 7  
905684 03691 02453 4 - 4 8  905684 ZS2lY 
76- 03341 03315 425155 76996. 3860.34 
905752 03694 0 3453 4 4-58 90 5752 380353 
770028 03341 01315 425328 770028 38129 
905188 03694 03454 4 la51 90 5788 37-63 
77- 03342 03315  415093 7713068 %26% 
(a5808 0 3694 0 3454 4 1455 905808 177091 
11 0097 03342 0 3315 1 2  5067 1 1  0001 YH1 31 
905821 0 3695 0 "54 4 1453 90 5821 37% 19 








